Impact of second-generation ethanol (2G) use in transportation sector mainly depends upon energy efficiency of entire production process. The objective of present study was to determine energy efficiency of a potential lignocellulosic feedstock; wheat straw and its conversion into cellulosic ethanol in Indian scenario. Energy efficiency was determined by calculating Net energy ratio (NER), i.e. ratio of output energy obtained by ethanol and input energy used in ethanol production. Energy consumption and generation at each step is calculated briefly (11,837.35 MJ/ha during Indian dwarf irrigated variety of wheat crop production and 7.1148 MJ/kg straw during ethanol production stage). Total energy consumption is calculated as 8.2988 MJ/kg straw whereas energy generation from ethanol is 15.082 MJ/kg straw; resulting into NER > 1. Major portion of agricultural energy input is contributed by diesel and fertilisers whereas refining process of wheat straw feedstock to ethanol and by-products require mainly in the form of steam and electricity. On an average, 1671.8 kg water free ethanol, 930 kg lignin rich biomass (for combustion), and 561 kg C5-molasses (for fodder) per hectare are produced. Findings of this study, net energy ratio (1.81) and figure of merit (14.8028 MJ/nil kg carbon) proves wheat straw as highest energy efficient lignocellulosic feedstock for the country.
Introduction
India's primary energy consumption share is 5.3% of global, third biggest after China and USA in the year 2015 (2016a, b) . In 2013, total primary energy consumption from coal (54.5%), crude oil (29.5%), natural gas (7.7%), hydro electricity (5.0%), nuclear energy (1.3%), wind power, solar power and biomass electricity was 595 Mtoe, excluding traditional biomass use (2015a) . Energy consumption of India in different sectors for last 10 years has been presented in Fig. 1 . From the figure, it is seen visibly that energy demand is increasing every year in all sectors. India's net imports were nearly 144.3 million tonnes of crude oil, 95 Mtoe coal and 16 Mtoe of liquefied natural gas which is equal to 42.9% of total primary energy consumption in 2013. Fossil fuels contribute to 70% of India's electricity generation. Country's dependence on energy imports is expected to exceed 53% of the total consumption. Around 31% of total Indian imports are oil imports (YEP 2011) . Therefore, to meet the energy demand, country will have to import huge amounts of energy from other countries.
Currently, India is fourth highest green house gas (GHG) emitter (Chandrakant 2015) . Various technologies in the field of renewable energy have been developed for heat and electricity generation such as biomass combustion, hydro power and wind mills. But in the transportation sector, which is ever-growing, no similar kind of developments for alternative energy sources production has happened (Bentsen et al. 2006) . Hence, India needs to find other sustainable and renewable energy generation sources to meet its demand, providing a good market for biofuels. Sourcewise installed capacities of various renewable powers of last 2 years is shown in Fig. 2 . Wind power source contributes highest, whereas waste to energy source or biofuel based energy source is still in its initial stage (biofuel production accounts only 1% of global production) (Chandrakant 2015) .
Commercially only bioethanol and biodiesel are produced in India (Chandrakant 2015) . Presently, first generation 1 3 142 Page 2 of 12 feedstocks (sugarcane, maize, sugarbeet and cassava) are commonly used for bioethanol production which competes with food crops, questioning food security and sustainability issues. Thus, there is tremendous potential for second generation agricultural residues based bioethanol (2G ethanol) in India, reducing GHG emissions and competition with food consumption (Chandrakant 2015) . Government of India has set a mandate of 5% blending of renewable biofuel in both petrol and diesel. Currently, diesel biofuel blending is near zero and petrol blending is around 3% from molasses based ethanol. Annual requirement of ethanol stands at about 500 crore litre in India but total installed capacity is just about 265 crore litre. Therefore, targets of 10% blending by 2017 and 20% by 2020 which is set by biofuel policy of India look too far unless 2G ethanol production technologies are successfully demonstrated at commercial level (2016c) . Proposed government initiative to meet these requirements are as follows: a. Domestic off-take guarantee (2G ethanol blend mandate enforced) b. Facilitate feedstock security c. De-risking incentives for first few plants to encourage local company participation and d. Conducive climate/tools to attract investors. These policies impact directly and arise potential opportunities which include; (1) ~ 2 million tonnes 2G ethanol (2) ~ $5 billion investment for 20 plants. (3) ~ 15,000 good jobs (7400 high-value) (4) Additional annual income ~ $5 billion (5) Off-set oil import (balance of payments) and (6) Rural development by 2020 (2015d).
For qualification as a viable fossil fuel substitute, an alternative fuel should have superior economic and environmental benefits and must have net energy gains over energy sources required to produce it ( Hill et al. 2006) . Alternative fuel should have a potential of offsetting extraction and burning cost of fossil fuels. Net energy benefit of fossil fuel replacement should be estimated by calculating net energy contained in the biomass as well as energy required in feedstock growing and converting it into ethanol (Bansal et al. 2016 ). Net Energy ratio (NER) is the most widely used tool for determination of energy efficiency of ethanol production. It can be defined as the ratio of output energy obtained from ethanol and energy consumed to produce it (Schmer et al. 2008 ). Some of the previous studies have shown net energy gain from producing ethanol from cellulosic feedstock such as switch grass as much as 343% (McLaughlin and Walsh 1998) . In one of the important recent studies, Energy and resource group biofuel analysis meta model (EBAMM) was used and approximate 23 MJ/L of ethanol energy gain was reported in cellulosic ethanol production (Ferrell 2009); similar range has been reported by Schmer et al. (2008) . They have done their studies on ten switch grass farms established on marginal lands ranging from 3 to 9 ha with net energy of 2013 and 31.03.2014 (2015c) 21.5 MJ/L of ethanol. Swana et al. (2011) (Bansal et al. 2016) . However, few studies (Pimental and Petzek 2005; Pimental 2003 ) have reported a negative net energy for ethanol production from grain crops as well as cellulosic feedstocks, which have further been criticized by other authors for incorrectly ignoring some important co-products and using obsolete data (Ferrel 2009 ). Difference in biomass yield might be the reason of variation in the net energy gains among different studies.
To improve net energy gain, several works have been done during past years on lignocellulosic ethanol to increase its productivity and reducing energy consumption in the production process. In one of the major works particularly on wheat straw, enhanced saccharification of biologically pretreated wheat straw was achieved for ethanol production resulting into an increase of sugar yield from 33 to 54% as well as reduction of the enzymatic mixture quantity by 40% (Abelairas et al. 2013a ). Cellulose (34-40%), hemicellulose (30-35%) and lignin (14-15%) are the major components of wheat straw (Liu et al. 2005; Lawther et al. 1996 and Sun et al. 1998) . In another study, fermentation of biologically pretreated wheat straw was done where highest overall ethanol yield was obtained with the yeast Pachysolen tannophilus which yielded 163 mg ethanol per gramme of raw wheat straw (Abelairas et al. 2013b ). During study on Lignin and silica generated from black liquor during the production of bioethanol from rice straw, Sulphuric acid was concluded the best reagent, economically more suitable and two step treatment is found more efficient in providing a superior product in quality (Minu et al. 2012) . During study on exergy analysis of ethanol production from lignocellulosic biomass, highest exergy efficiency (Steam Explosion Pretreatment + SSF + Dehydration) reaching 79.58% was achieved (Velmurugan and Muthukumar 2012) . Furthermore, Lantana camara was used for bioethanol production; 87.2% lignin removal and 80.0% saccharification were achieved with 17.7 g/L ethanol production and corresponding yields of 0.48 g/g using Saccharomyces cerevisiae (Kuhad et al. 2010) . Sono-assisted enzymatic saccharification of sugarcane bagasse was done for bioethanol production where maximum glucose yield obtained was 91.28% of the theoretical yield and maximum amount obtained was 38.4 g/L (Ojeda et al. 2011) . The application of low-intensity ultrasound enhanced the enzyme release and intensified the enzyme-catalysed reaction in this study. Readers are advised to refer an overview article by Baeyens et al. (2015) to understand the current challenges and opportunities in improving the bioethanol production.
Wheat straw is a byproduct from wheat crop; therefore amount of straw produced is directly related to the main crop production. India covers around 13.2% of total wheat production and second largest producer after China (FAOSTAT 2012) . Total area used for the wheat crop is about 30.5 million hectare in the country. Productivity of wheat has been increased up to 3145 kg/hectare in 2013 (2015e) . Major productivity is reported from Haryana, Rajasthan, Uttar Pradesh and Punjab states (2015f). Crop residue burning is a common feature in UP, Punjab, Rajasthan and Haryana states of India, as they have two growing seasons usually (May-September and November-April). Therefore, farmers often set fire to the standing straw to clear the field of crop residue and want to prepare the fields for sowing another crop (Bhatnagar 2016) . Although wheat straw is just a by-product form the wheat and an important cattle fodder, besides fodder and other uses, states have set some policies for straw that would promote R&D for production of cellulosic ethanol. For example, Punjab state has set up policies for management and utilisation of straw in 2013 which aims for ultimate utilisation of 1.5 million tonnes of straw per annum by 2027 (assuming 45 such plants shall be established, each consuming 30,000-35,000 tonnes of straw per annum) to produce 0.37 million kilo litre of ethanol for use as blend in fuel (based on 10% blending in current requirement of petroleum products in the state) (2013) .
Biomass yield of wheat is highly sensitive to energy input, climatic zone (temperature and rainfall) and production technology level and thus could vary region to region significantly. Also, biomass losses during harvest and storage result in increased input used to produce per unit of ethanol (Emery et al. 2014) . Straw-based commercial 2G ethanol costs ₹28-34/L (Sheth 2016) which is very less comparable to present price of gasoline (₹68.7/L) and petrol (₹65-78/L). However, most of the agricultural residues and straw not used in human food and as animal feed are burned on the agricultural land (Bhatnagar 2016; Mukerjee 2016 ).
Since energy input and yield vary with each system, it influences the NER. This study is conducted to estimate the NER of ethanol production using wheat straw in India as wheat is highly grown cereal crop here and wheat straw is largely unused (Chaba 2015) . Therefore, present study has been done to explore whether it is reasonable to produce fuel ethanol from 1 ha of agricultural land used for wheat straw in India from an energy point of view, based on recent technologies for bioethanol production and average agricultural productions. All the factors for ecological sustainability and supply security are included.
Methodology and data sources
Calculation data for this study are collected from literature, various agricultural extension services, ministry of agriculture (India) and from energy statistics (India). Basis is agricultural production of irrigated dwarf variety of wheat (timely sown) under Indian conditions using standard agricultural practices since these are high-yielding varieties grown under different agroclimatic conditions laid down by the All-India coordinated wheat improvement project (2015g) . Traditional manner of farming is considered using commercial pesticides and fertilisers available within the government rules and regulations imposed on agriculture sector. Technology used for ethanol production is considered as an average and data are believed to valid in a time scale of 0-10 years from present Indian scenario. Field output (wheat straw only) is considered as sugar source in the study. Byproduct such as distillers dried grain with solubles (DDGS) is neglected as it is basically produced from wheat grain whereas C5-molasses are considered to be recycled to feed for animals in the agricultural business. Biomass generated is incinerated for generation of energy. CO 2 utilisation is not dealt with in this study. Due to location, area, capacity, technology involved and purpose differences, production systems and settings vary a lot. Considering an Indian scenario, main processes involved in analyses of energy generation and consumption during bioethanol production from wheat straw has been explained in Fig. 3 . Energy consumption in canal irrigation and animal is considered as zero. These variations are acknowledged and production system parameters are attempted to express by a reasonable range.
Results and discussion

Agricultural energy input
All the input data are based on 10 tonnes of farm yard manure (FYM).
Seeds
To produce any cereal crop, seeds are needed. For Indian wheat, target number of germinated seedlings depends on time of seeding. In this study, seed input range of 100 kg/ ha is chosen. Energy consumption is based on estimation of previous studies (Table 1 ). Total energy consumed in the seed production and handling is calculated as 300 MJ/ha using Eq. (1): (Bentsen et al. 2006) where EC seed = Total energy consumption for the production and handling of seedR seed = Seed input range andSE seed = Energy consumption related to seed distribution.
(1) EC seed = R seed × SE seed . Fig. 3 Main processes involved in analysis of energy generation and consumption during bioethanol production from wheat straw in Indian scenario
Agricultural chemical inputs
Production of Indian wheat is highly dependent upon nitrogen, phosphorus and potassium manures. These levels are highly variable which depend on soil, crop and previously grown crop.
Fertilisers
The allowable input range of nutrients to agricultural crops is defined by norms of Indian agricultural ministry. For irrigated dwarf variety of wheat, the nitrogen norm is 110 kg/ha. More than 50% of this amount comes from application of 10-15 tonne/hectare FYM. Nutritional requirements of some of the important wheat varieties are shown below in Table 2 .
Manures Manures are the primary nitrogen supplier of wheat crop and act as a supplement to commercial nitrogen fertilisers. Here, FYM is considered as nitrogen supplier which varies in all manures. It is assumed that manure is applied directly to the soil in slurry from animals. Nutritional composition of FYM is presented in Table 3 . Remaining amount comes from commercial fertilisers. The direct energy consumption by handling and applying manures (FYM) amounts to 42.21 MJ/T (Table 1) . Energy consumptions in commercial N-and P-fertilisers are 57.35 and 19.9 MJ/kg, respectively. FYM are sufficient to fulfil potassium requirement of crop. Calculation data for energy consumption in fertilisers and manure use are presented in Table 1 , where R herb = Herbicides input range R pest = Pesticides input range SE herb = Energy consumption related to herbicides production and SE pest = Energy consumption related to pesticides production.
Herbicides In conventional farming, herbicides are used to control broad leaf weeds in wheat crop. It is used at a very low dosage of 1.4 kg/ha. Herbicide should be safe to the animals, farm workers and main crop. Input data for calculation of energy consumption in herbicides use are presented in Table 1 . (Börjesson 1996; Dalgaard et al. 2004; Dalgaard et al. 2001; Feldvoss et al. 2002; Refsgaard et al. 1998; Rosenberger et al. 2001 ) EC P-com Energy consumption in commercial P-fertiliser proportion application 25 kg/ha 6.8-33 MJ/kg 497.5 (Dalgaard et al. 2004; Dalgaard et al. 2001; Feldvoss et al. 2002; Refsgaard et al. 1998; Rosenberger et al. 2001 ) EC K-Com Energy consumption in commercial K-fertiliser proportion application 0 0 0 (Dalgaard et al. 2004; Dalgaard et al. 2001; Feldvoss et al. 2002; Refsgaard et al. 1998; Rosenberger et al. 2001) Total energy consumption of herbicide application in wheat crop is calculated as 242.9 MJ/ha from Eq. (2). (Bentsen et al. 2006) where EC herb = Total energy consumption associated with herbicides application.
Pesticides Pesticides are applied to protect the crop against damage caused by insects and fungus. The application rate is 0.3-0.66 kg/ha. The crop-specific target for irrigated dwarf variety of wheat is 0.48 kg/ha. Energy consumption for pesticide production varies a lot between different references. In this study, data used for calculation of energy consumption in pesticides application are presented in Table 1 .
Diesel
Any agricultural machine needs diesel oil and lubricants to run. Net calorific value and density of diesel is 42.7 MJ/ kg and 0.83 kg/L, respectively, which gives a direct energy input of 35.44 MJ/L of diesel consumed to the agriculture.
Energy consumption for the manufacturing and distribution of diesel oil varies in different studies. Based on study by Singh et al. (2007) , calculated mean energy consumption associated with diesel was found to be 3749.68 MJ/ha of three major wheat producing Indian states (Uttar Pradesh, Rajasthan and Punjab).
Human
It varies from region to region of country. Energy consumed by labour can be calculated using the following equation: However, in this study, 738.04 MJ/ha (calculated mean human consumption of Punjab, Uttar Pradesh and Rajasthan states) of human energy consumption is considered (Singh et al. 2007 ).
Machinery
Machines and tools (tractors, harvesters and ploughs) are basically used in agricultural sector. Manufacturing of machines require steel and other metals along with some other materials to be produced and ore extraction is also needed. All these operations consume energy. Usually, energy embodied in machinery is calculated by using economic input-output life cycle assessment (EIOLCA) model of Carnegie Mellon University (CMU) (Bansal et al. 2016) . However, for the present study, mean energy consumption has been calculated (390.05 MJ/ha) from study done by Singh et al. (2007) for machine manufacturing.
Electricity
Agricultural sector consumes electricity for heat, light, ventilation and various other purposes.. Energy carriers also need to be converted into transmission loss and electricity. This step also requires energy along with the direct use. Calculated mean energy consumption in electricity is taken as 1907.21 MJ/ha based on the study by Singh et al. (2007) Therefore, Net agricultural energy consumption in timely sown irrigated Indian dwarf variety of wheat production is calculated as 11,837.35 MJ/ha. where EC AGRI = Total energy consumption during straw production and handling, EC Pest = Total energy consumption associated with pesticides application, EC Diesel = Total energy input in diesel oil consumption, EC Human = Total energy consumption by labour during straw production and handling, EC Mac = Energy consumption in agricultural machine manufacture and EC Elec = Electricity input in Agriculture.
Some of the energy inputs vary significantly in the abovementioned states; therefore, sensitivity analysis has been conducted to analyse its effect on net agricultural energy consumption (Fig. 4) 
Energy inputs into ethanol production
Steam and electricity
Steam and electricity requirements for the conversion of wheat grain to ethanol and by products are estimated to 3.6 GJ per tonne and 100 KW per tonne of grain, respectively. Processing of straw into ethanol require 3.8 GJ steam and 220 KW electricity per tonne of wheat straw (Bentsen et al. 2006) .
Electricity Existing infrastructure can be used to draw electricity. In this study, it is assumed that major portion of electricity is generated from fossil fuels and some amount from renewable energies. According to the previous studies 2.605 MJ of electricity is required per kg of straw. Transmission and distribution grid loss in India is (6-8%) in 2015 and depends on grid balancing, import, export and capacity adjustments (Aniti 2015) .
Steam In this study, it is assumed that low-cost surplus steam is available at the appropriate pressure and temperature level. It is the case of integrated biorefinery with large power plants where enormous quantity of energy is removed as a waste stream. In large-scale condensing power plants, steam is expanded using turbine results into electric energy production which lead to enthalpy loss in the steam from expansion. This loss can be recovered largely and further converted to process steam for biorefinery with minimal fuel addition. Based on the previous studies, it is found that 4.332 MJ of steam is needed per kg of straw for fuel ethanol production (Bentsen et al. 2006) .
Chemicals
A wide range of chemicals are used during different steps of production process. Some of the important chemicals are listed in Table 4 . It is assumed that same chemicals with same quantities are required in conversion of both grain and straw into ethanol. In the present study, calculated mean energy consumption for the chemicals used in ethanol production is taken as 0.4385 MJ/kg ethanol or 0.122 MJ/kg straw.
Machinery
Machines and equipments (bioreactors, reactor for hydrolysis, distillation, etc.) are basically used in ethanol production plants. As stated above, manufacturing of machines requires steel and other metals along with some other materials to be produced and ore extraction is also needed. All these operations consume energy. Calculated mean energy consumption data for machine manufacturing are taken as 0.2 MJ/kg ethanol or 0.0558 MJ/kg straw (Singh et al. 2007) .
Therefore, total energy input in ethanol production from wheat straw is calculated as 8.2988 MJ/kg wheat straw using the following equation:
where EC TOTAL = Total Energy consumption during ethanol production, EC STEAM = Total Energy input related to steam consumption during ethanol production, EC ELECTRICITY = Total Energy input related to electricity consumption during ethanol production, EC CHEMICALS = Total Energy input related to chemicals during ethanol production and EC MACHINERY = Total Energy input related to machinery use during ethanol production.
Agricultural outputs from wheat agricultural production are estimated on the basis of national statistics for year 2014. These data are based on the total production of irrigated dwarf wheat in India and cover all intensities, soil types, production technologies and agricultural practices. Mean annual yield of winter wheat in India is taken as 4000 kg/ha. For the same year, mean annual yield of straw from Indian wheat is 6000 kg/ha as ratio of wheat grain: wheat straw was found to be around 1:1.5 from various studies (2014). Therefore, proportional yield of wheat straw = 6000/(4000 + 6000) = 0.6 and total agricultural energy input for production of Wheat straw is calculated as 7102.41 MJ/ha or 1.184 MJ/kg straw.
Energy output during ethanol production and by-products
During the refinement of wheat straw into ethanol, lignocellulosic biomass runs through a series of processes like liquifaction, saccharification, fermentation, distillation and drying. Outputs from the conversion process of wheat straw into ethanol are water free ethanol (~ 99%), C5-molasses, biomass and pure CO 2 .
Ethanol
The estimated ethanol output from wheat straw is based on conventional technology. The output of ethanol from straw is based on the assumption that both pentose and hexose sugars are cofermented. On an average, output from 1 ha of wheat land can produce 1671.8 kg water free ethanol. Fuel ethanol (blend or pure) has many possible end uses. In this study, no specific application of the ethanol is considered. Energy output from ethanol during ethanol production has been calculated and shown in Table 5 .
C5-molasses
13.4% of wheat straw input can be extracted as C5-molasses (561 kg/ha) (Bentsen et al. 2006) . It contains large amounts of organic acids which is well suited as fodder (substitute of DDGS). Total energy output from C5-molasses during ethanol production has been shown in Table 5 . 
Biomass
After hydrolysis, remaining solid residue of lignocellulosic biomass contains only lignin portion as cellulose and hemicellulose breakdown into its monomeric sugars. It has an estimated lower heating value (LHV) of 17.5 MJ/kg. The residual biomass can thus be used internally as fuel. Total energy output from biomass during ethanol production has been shown in Table 5 .
Co 2
CO 2 can be considered as a major by-product from ethanol production plant. The area based output is estimated as 2897 kg/ha (Bentsen et al. 2006) . Pure CO 2 is used in beer and soft drink production. It can also be used as carbon source in chemical industries. It does not have any effect on the carbon balance if emitted. Therefore, energy output calculation based on CO 2 is not included in the study. Therefore, total energy output during ethanol production from wheat straw is 15.082 MJ/kg straw using Eq. (6):
where EC OUTPUT = Total energy generated during ethanol production, EC EtOH = Total energy generated from ethanol, EC biomass = Total energy generated from biomass produced and EC C5-molasses = Total energy generated from C5-molasses. Therefore, energy efficiency or NER of fuel ethanol from wheat straw is calculated as 1.81 (Total energy input/total energy output).
Carbon emissions and uptake
Analyses on wheat straw, a lignocellulosic feedstock as a renewable energy source conclude that it offers great potential to reduce greenhouse gases through fossil fuels' replacement. On the basis of life cycle, it has been found that CO 2 emissions from these biomasses do not increase the overall burden of carbon to the atmosphere. Greenhouse gas emissions can be reduced by both carbon sequestration and bioenergy production (Prakash et al. 1998) . Biofuel use instead of fossil fuel has the potential to reduce global (6) EC OUTPUT = EC EtOH + EC biomass + EC C5 -molasses , warming to greater extent than when it is used for carbon sequestration.
During the bioethanol production process, significant amount of carbon emissions takes place in the form of CO 2 . In burning of straw and biogas in the boilers, some amount of CO 2 releases while major amount releases during fermentation (Prakash et al. 1998) . During ethanol transportation and its eventual combustion also, CO 2 would also be released. However, in all the processes except transportation, raw material used and energy inputs are derived from biomass collected from nearby fields. Therefore, it can be assumed that major amount of carbon, which is released, is absorbed through photosynthesis eventually which results negligible gross carbon emissions.
Figure of merit for bioethanol
Figure of merit represents quality of any fuel. Higher value claims better fuel. It provides more rational choice of rather than choosing the fuel purely on economic grounds. Apart from CO 2, other polluting agents such as SOx, NOx, aldehydes and lead emission may also be considered (Prakash et al. 1998) . However, in this study, CO 2 emission is only considered as it is the main contributor for global warming. Here figure of merit is of bioethanol produced in Indian conditions calculated using wheat straw. As net energy available of bioethanol calculated above is 14.8028 MJ/kg wheat straw and gross carbon emissions are negligible, figure of merit for bioethanol is evaluated as 14.8028 MJ/zero kg carbon.
Comparison with figures of merit of fossil fuels
Detailed energy consumption during fuel production is required to assess accurate figure of merit of any fuel. 
=
Net energy yield from 1 kg fuel (MJ) Gross CO 2 emission from 1 kg fuel (kg) (Prakash et al.1998 ). available data and presented in Table 6 . Symbol G denotes gross energy which is produced by the fuel on combustion. F indicates total input energy consumed during fuel production process.
Rearranging Eq. (7) gives (Prakash et al. 1998) Net energy of any fuel can be obtained by multiplying its N/G ratio with calorific value (net energy content). Calorific value of fossil fuels ratios are shown below in Table 6 .
Gross carbon emission which is shown in Table 6 can be used to calculate its amount in kg/kg of a fuel by taking its calorific value into account. Calculated net energy, kg gross carbon emission/kg of fuel and figure of merit are presented below in Table 6 for fossil fuels along with bioethanol.
Conclusion and future prospective
India is a developing country and its industry is continuously increasing; hence, the energy demand will also be increasing gradually. Although India has a high usage and potential of renewables, still fossil fuels are used substantially, causing environmental pollution and threatens sustainability. India has signed the Kyoto Protocol with some eligibility, but still needs to reduce GHG emissions and propose to use renewables in transportation, industry and agriculture. India imports high cost energy for transportation, electricity generation and heating from other countries every year and already consumed most of its consumed proved reserves. Bioethanol, an alternative fuel to gasoline is clean, domestic and renewable, having similar properties to gasoline and also supports national and global sustainability. Presently, food crops are used in the ongoing first generation bioethanol production, which needs to be shifted towards second generation (from (8) Net energy(N) Gross energy(G) = 1 − 1 G F (Prakash et al.1998) (9) F = G − N lignocellulosic biomass) to avoid food vs. fuel conflict. Considering India's biomass potential and its dependence on foreign energy sources, 2G ethanol productions and its utilisation become prominent.
NER and carbon balance are two important factors to be considered when studying the impact of lignocellulosic feedstocks to the environment. An alternative to fossil fuel must have lesser negative impact on environment. NER > 1 is an indicator of net energy gain in the whole production process, showing that energy output is greater than energy input, whereas NER < 1 implies unsustainability of a production process.
To contribute in the pool of existing knowledge, this study has been conducted and shows that anhydrous ethanol production from wheat straw in Indian scenario has positive energy benefits and it can be successfully used as a fuel under Indian conditions. NER for a conventional production process in current practice is calculated about 1.8 and figure of merit for is obtained as 14.8 MJ/nil kg carbon. Major portion of input energy is contributed by diesel and fertilizers. Our analysis included energy required to produce machinery, farm equipment, human labour and other related capital factors which have been omitted in some related studies.
Additionally, considering the social and economic structure of India, most of the agricultural residues not used in human food and as animal feed are burned on the agricultural land. Therefore, examining climatic conditions and soil structure of the country, instead of this traditional burning method of energy conversion and waste elimination, bioethanol production from these feedstocks will provide a great socioeconomic gain. Considering all these aspects, India should improve wheat straw-based second generation bioethanol, increase its number of facilities and implement more policies. Research and development studies on exploration of lignocellulosic feedstocks should be improved to decrease the total production cost. 
